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ABSTRACT

Irrigation water quality assessment is critical in ensuring optimal crop productivity, maintaining soil health,
protecting the ecosystems, and promoting sustainable agricultural practices. This study assesses the irrigation
water quality of groundwater in Kerala State, South India using various irrigational water quality indices such
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as Sodium Absorption Ratio (SAR), Residual Sodium Carbonate (RSC), Percentage of Sodium (Na%),
Permeability Index (PI), Magnesium Adsorption Ratio (MAR), and Entropy Weighted Irrigation Water Quality
Index (EIWQI). For this purpose, the hydrochemical data of 620 observation wells for a period of 5 years from
2018 to 2022 were procured from the Central Groundwater Board, Government of India and the spatiotemporal
variations in various irrigation water quality indices were analysed in GIS platform. SAR of groundwater
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1. Introduction

samples varied from 0.2 to 11 indicating varying levels of sodium hazard, while RSC ranged from -7 to 2.2
and Na% ranged from 14 to 84. The PI values ranged from 20 to 200, and MAR values ranged from 5.3 to 98.
The EIWQI zonation indicates that the irrigation water quality varies not only based on the physiography of
the state, but also on the northern and southern parts of the state. The study concluded that most of the
parameters indicate that the highland areas particularly towards the central Kerala is more affected for
irrigational groundwater quality when compared to the midland and lowland areas. Most water samples fall
into a category that requires careful management to avoid further deterioration. This study implies the
importance of regular monitoring and comprehensive analysis of irrigation water quality to ensure sustainable
agricultural practices and long-term soil fertility in the state.
o Supplemental data for this article can be accessed online at our website ‘ @ ® @ @ \
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Water is vital for life and the earth's functions, playing a
crucial role in the sustainable development of nations
through its availability as a natural resource. The increasing
demand for water causes groundwater depletion, especially
in arid and semiarid regions (Siebert et al. 2010), impacting
the overall groundwater sustainability (Houemenou et al.
2020; Azzirgue et al. 2022; Docheshmeh Gorgij et al. 2023).
In areas where groundwater is the primary source for

agriculture, these impacts are so crucial. For example, over-
extraction of groundwater for agriculture has been reported
to have significant economic and environmental impacts in
countries like Bangladesh, Iran, India, and Sri Lanka with
reduced farm income, declining water tables, and substantial
environmental damage Adopting effective management
strategies is critical to aligning agricultural productivity with
groundwater preservation.
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Evidence suggests that nearly 60% of groundwater
abstraction in developing regions is used for irrigation
(Aliyu et al., 2017; Velasco-Mufoz et al., 2018). The
effectiveness of irrigation, however, is closely linked to the
chemical properties of the water, particularly salinity levels
and concentrations of dissolved salts (Zaman et al., 2018;
Malakar et al., 2019; Mirzavand et al., 2020). These factors
influence soil fertility, crop health, and the operational
efficiency of irrigation systems (Adimalla, 2018; Ramadan
et al., 2019). As a result, systematic evaluation of irrigation
water quality becomes essential for maintaining soil
productivity and maximizing crop yields (Chowdury et al.,
2019; Zhu et al., 2019; Rahman et al., 2020; Chidambaram
etal., 2022).

Various methodologies have been developed to assess
irrigation water suitability, many of which utilize
hydrochemical indices to establish baseline concentrations
and interpret groundwater quality (Edmunds et al., 2003; Li
et al., 2013; Das et al., 2020). For instance, Zafar et al.
(2024) applied conventional techniques such as the
Irrigation Coefficient, Sodium Adsorption Ratio (SAR),
Total Alkalinity, and Total Dissolved Solids (TDS), refining
their analysis using an ideal solution model as a benchmark.
Contemporary evaluation frameworks often integrate index-
based, statistical, and geospatial tools to provide both
analytical depth and spatial visualization of groundwater
quality trends (Das et al., 2020; EI Mountassir et al., 2020;
Gao et al.,, 2020; Jahin et al., 2020; Wu et al., 2020;
Chidambaram et al., 2022; Docheshmeh Gorgij et al., 2023).

The Irrigation Water Quality Index (IWQI), introduced by
Meireles et al. (2010), is a specialized extension of the
broader Water Quality Index (WQI) and is tailored
specifically for irrigation assessment. It incorporates
international water quality guidelines, including those
proposed by Ayers and Westcot (1985). Over time, this
framework has evolved to reduce subjectivity and enhance
interpretability. For example, Simsek and Gunduz (2007)
applied the IWQI to Turkey's Simav Plain, classifying
irrigation suitability into discrete quality categories. Singh
et al. (2018) further improved the index by integrating the
Analytic Hierarchy Process (AHP) proposed by Saaty,
enhancing its  decision-making capacity. Recent
developments have focused on combining IWQI with
Geographic Information Systems (GIS) to spatially map
water quality, as demonstrated by researchers such as
Batarseh et al. (2021), Cadraku (2021), Passos et al. (2019),
Akter et al. (2016), and Al-Hadithi et al. (2019).
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In parallel, artificial intelligence methods have gained
traction in optimizing WQI computations. Studies by
Docheshmeh Gorgij et al. (2023), Chidambaram et al.
(2022), Valentini et al. (2021), Bui et al. (2020), and Ahmed
et al. (2019) have applied machine learning algorithms to
improve prediction accuracy and streamline water quality
evaluation. Several water chemistry parameters including
major cations/anions, electrical conductivity, SAR, and
related indices are routinely incorporated into these models
to calculate IWQI. However, existing approaches often fall
short of integrating all relevant variables into a single,
unified framework. To address this gap, the present study
employs the Entropy-Weighted Irrigation Water Quality
Index (EIWQI) to assess irrigation suitability across Kerala,
a tropical state in southwestern India. The EIWQI method
incorporates entropy theory to objectively assign weights to
individual water quality parameters, drawing from
methodologies described by Li et al. (2010), Amiri et al.
(2014), and Docheshmeh Gorgij et al. (2019). By applying
this comprehensive index, the study aims to provide a more
robust and spatially informed assessment of irrigation water
quality in the region.

2. Study Area

Kerala State, located on the southwestern coast of India, is a
narrow strip of land covering an area of 38,863 km? The
state is bounded by the Lakshadweep Sea to the west and the
states of Tamil Nadu and Karnataka to the east. Stretching
about 560 km from north to south, Kerala has an average
width of 70 km and a maximum width of 125 km (Figure 1).
Geographically, it lies between latitudes 8§°17'30” N and
12°47'40" N and longitudes 74°27'47" E and 77°37'12" E.
Physiographically, Kerala can be divided into four distinct
regions running parallel to its coastline: the Western Ghats,
the foothills, the midlands, and the coastal lowlands. The
state is drained by 44 rivers, most of which originate in the
Western Ghats. Among these, the Kabini, Bhavani, and
Pambar Rivers flow eastward into neighboring states, while
the majority flow westward, discharging into the Arabian
Sea or feeding into an extensive network of backwaters.
Geologically, Kerala forms part of the Indian Craton,
bounded by the Western Ghats to the east and the Arabian
Sea to the west. The rock formations are primarily classified
into Precambrian crystalline rocks, Tertiary sediments, and
Quaternary deposits, reflecting the complex geological
history of Kerala.
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Figure 1: Geographical location of the study area with
observation wells

3. Materials and methods

As part of this investigation, hydrochemical data from 620
groundwater wells, spanning the years 2018 to 2022, were
obtained from the Central Groundwater Board (CGWB),
Government of India. To ensure the reliability of the
chemical analyses, the Error in Ionic Balance (EIB) was
calculated (Equation 1), comparing the total concentrations
of major cations (Ca?", Mg?", Na*, K*) and anions (HCOs",
ClI, SO+, NOs, F), with all values expressed in
milliequivalents per litre (meq/L). In the current study area,
the EIB values were found to fall within the acceptable
threshold of =+5%, consistent with the standard
recommended by Domenico and Schwartz (1990).
BB = T 0 @

" TCC +TCA

3.1 Irrigation water quality indices

In India, irrigation systems play major roles in crop
productivity which mainly rely on groundwater (Mukherji,
2007). The quality of groundwater highlights the mineral
composition, which in turn influences soil and plant health
(Adimalla et al., 2020).
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In this investigation, our emphasis lies on the quantification
of parameters such as total hardness (TH), Sodium
Adsorption Ratio (SAR), Residual Sodium Carbonate
(RSC), Permeability Index (PI), Magnesium Adsorption
Ratio (MAR), and Na' percentage (Na%) through the
following determinations. Further, the average indices for
five years have been used to estimate the EIWQI for Kerala
State.

3.2 Total hardness (TH)

Residual Sodium Carbonate (RSC) is used to evaluate the
potential of irrigation water to precipitate calcium and
magnesium in soils. When the combined concentrations of
bicarbonate (HCOs") and carbonate (COs*") exceed those of
Ca* and Mg?, precipitation can occur, reducing the
availability of these essential nutrients in the soil. The RSC
index, introduced by Richards (1954), is calculated as
(Equation 2):

TH = Y sum of multivalent cations = (2)
Ca2+ + Mg2+

3.3 Residual sodium carbonate (RSC)

When the summation of HCO; and CO;* concentration
exceeds the Ca?" and Mg?" concentrations, Ca?" and Mg?*
will precipitate in the soil. Richards (1954) calculated the
RSC index which can be expressed below (Equation 3):

RSC = (HCO;™ + CO57%) — (Ca? + Mg**)  (3)
3.4 Sodium percentage (Na%)

The suitability of irrigation water is determined by
the concentration of sodium or the soluble sodium
percentage (SSP) (Haritash et al., 2008; Khan et al., 2021).
The index value plays a crucial role in assessing the water's
appropriateness for irrigation (Shammi et al., 2016).
Elevated concentrations of soluble sodium in irrigation
water can pose salinity hazards, especially in the presence
of accompanying anions such as sulfate (SO+*>") and chloride
(CI"), which may adversely affect soil permeability and crop
productivity (Sarkar et al., 2021). The Soluble Sodium
Percentage (SSP), a key parameter for assessing sodium-
related hazards, is computed using the equation proposed by
Todd and Mays (2004), as given below (Equation 4):

Na% = (Na® + K™ x 100
0= Car* + Mg?* + Na?* + K*) (4)
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3.5 Sodium adsorption ratio (SAR)

The interaction between sodium (Na*), calcium (Ca?*), and
magnesium (Mg?") in irrigation water is quantified through
the Sodium Adsorption Ratio (SAR), an important index
used to evaluate the potential sodium hazard to soil and
crops (Alrajhi et al., 2015; Sarkar et al., 2021). SAR is
critical in determining the extent to which sodium can affect
soil structure, as excessive sodium can displace calcium and
magnesium on soil particles, leading to reduced
permeability and aeration (Mukhopadhyay et al., 2022).
Consequently, SAR serves as a key indicator in assessing
the suitability of water for irrigation use.The impact of SAR
is closely associated with the salinity status of the water,
often measured through electrical conductivity (EC). High
SAR values, especially in combination with elevated EC,
can impair crop growth and soil health. According to
international standards, including those from the World
Health Organization (WHO, 2011) and the Food and
Agriculture Organization (FAO, 2017), irrigation water with
a SAR value greater than 10 is generally considered
unsuitable for agricultural use. In this study, SAR values
were computed using the standard equation proposed by
Richards (1954), as shown below (Equation 5):

Na?* (5)

Ca2+ + Mg2+
\ 2

3.6 Permeability index (PI)

SAR =

Soil permeability in irrigated regions is largely influenced
by the ionic composition of the applied water, particularly
its salt concentration (Safiur Rahman et al., 2017). To
evaluate this, the Permeability Index (PI) was introduced by
Doneen (1964) as a diagnostic tool for assessing irrigation
water quality. Among the key influencing constituents,
calcium (Ca?*), magnesium (Mg?"), and sodium, particularly
in the form of sodium chloride, have a direct impact on the
infiltration and permeability characteristics of soils (El
Maghraby and Bamousa, 2021). The PI is computed using
the following expression (Equation 6):

(Na** + \/HCO;™) x 100 (©)

(Ca?* + Mg?* + Na?*)

PI =

3.7 Magnesium adsorption ratio

Calcium (Ca?") and magnesium (Mg?*) typically maintain a
natural balance in most groundwater systems. However,
elevated levels of Mg?* can disrupt this equilibrium,
potentially leading to increased alkalinity in irrigation water,
which may adversely affect plant growth. The Magnesium
Ratio (MR), an important indicator of such imbalance, is
calculated using the formula provided by Abdulhssain
(2018) (Equation 7):

75

Raicy et al. 2025

GEOLOGICAL SOCIETY OF KERALA

Mg** (7)

MAR = —————-% 100
Mg2+ + Ca2+

3.8 Entropy weighted Irrigation Water Quality Index

Entropy is a statistical concept used to quantify the degree
of uncertainty or disorder within a dataset, and it is widely
applied to assess variability in environmental systems
(Guey-Shin et al., 2011). In the Entropy-based Irrigation
Water Quality Index (EIWQI) framework, the computation
proceeds through a series of defined stages. The process
begins with the construction of a matrix, commonly referred
to as the eigenvalue matrix ‘X’, which encompasses
irrigation water quality data for ‘m’ samples across ‘n’
parameters. The specific formulation of this matrix is
elaborated upon in the subsequent formula (Equation 8):

xll xlz ...xln (8)
X =]%X21 X2 Xop
Xm1 Xm2 Xmn

The units of irrigation water quality parameters are
normalized, to minimize the errors, and the normalized
matrix is represented as follows.

Yo = Xij — (%) min 9)
Y (xij) max — (xij) min

The value of each parameter (Pj) is estimated using the
following relation Equation 10.

i) (10)

P.. =
Y ?il(Yij)

Further, the information entropy (ej) and the entropy weight
(w;) are estimated using the following Equations 11 & 12.

1 < (11)
e]- = —%Z PulnPL]
i=1

L _(-e (12)
/ 2 (1—¢)

The quality rating scale ‘q;” of parameter ‘j’ is

evaluated using Equation 13, which is represented as
follows.

C; 13

qj = {—’ x 100 (¥

Sj

Finally, EWQI is calculated by using (Equation 14).
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= (14)
j=1

Further, the spatial maps of all the indices were plotted using
the Inverse Distance Weighting (IDW) tool of ArcGIS
software to understand the spatial variations in the state.

4. Results and Discussion

The average irrigation water quality indices and EIWQI,
estimated for Kerala State, and the respective percentage of
samples corresponding to highlands, midlands, and
lowlands are shown in Table 1. The table provides a
classification of groundwater quality based on these indices,
each of which is evaluated according to specific standard
ranges. The details of each index are discussed in the
following subheads.

4.1 Permeability index (PI)

The PI in Kerala ranges from 9.597 to 214.68, with an
average value of 91.59. According to Doneen classification
(1964), PI values are classified into class I, class II, and class
11, with PI>75%, (appropriate), 25%<PI<75% (good), and
PI<25% (unsuitable), which is also applied widely in similar
studies (Rawat 2018; Amrani 2022). Based on this, in the
highland and midland regions, 75.54% and 80.15% of the
samples fall under the ‘excellent’ category, respectively,
while 24.46% and 19.85% of samples fall under ‘good’
category. In contrast, in the lowland areas, 54.67% of
samples fall under the ‘excellent’ category, 44.86% under
the ‘good’ category, and 0.47% under the ‘unsuitable’
category as detailed in Table 1. Samples falling under
classes I and II ensure sufficient quality to support healthy
crop growth and maintain soil conditions and are
recommended for irrigation. Class I water, with a PI above
75%, is particularly favorable for irrigation, posing a
minimal risk of soil degradation or crop yield loss. Class II
water, with a PI between 25% and 75%, is generally suitable
for irrigation but may require more careful management to
prevent potential long-term soil issues. Fig. 2b illustrates the
spatial distribution of PI values, showing that the southern
midland, highland, and northern highland regions of the
state have the highest PI values.

4.2 Residual Sodium Carbonate (RSC)

The RSC in the groundwater samples in Kerala ranges from
-4.019 to 0.930, with an average of -0.182. The spatial
variation map of RSC values is shown in Fig 2a. All the
groundwater samples from the highland, midland, and
lowland fall within the ‘excellent’” water quality category, as
illustrated in Table 1, suggesting minimal risk of sodium
accumulation which could otherwise affect soil structure
and crop health.
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Figure 2a highlights consistent excellent categories across
diverse physiographic units in the state suggesting that the
groundwater in most areas is suitable for irrigation with
respect to sodium concentration, making it highly reliable
for agricultural purposes. The excellent RSC levels
contribute to maintain soil structure and fertility, ensuring
sustainable crop production.

4.3 Sodium percentage (Na%)

The sodium percentage in groundwater samples ranges from
11.72 to 88.035, with an average of 46.90. Most of the
groundwater samples are suitable for irrigation, contributing
2.88% excellent category in highlands, 1.12% in midlands,
and 11.21% in lowlands samples. Similarly, 20.14% of good
category samples correspond to highlands, 27.34% to
midlands, and 37.38% to lowland areas.” Similarly, 48.20%
of samples in the highland 48.31% in the midland, and
35.05% in the lowland corresponds to the permissible
category. The doubtful category comprises 27.34% of
samples in the highland, 22.85% in the midland, and 16.36%
in the lowland, indicating potential risks if used for
irrigation for a longer duration. Nearly 1.44% of samples
were categorized as unsuitable in the highland, and 0.37%
in midland, highlighting localized concerns. The highest
Na% values are distributed in the southern highland,
midland, and lowland areas (Fig. 2¢), with elevated levels in
central highland and midland regions, emphasizing the need
for careful management in areas where irrigation practices
are predominant to mitigate potential adverse effects on soil
and crop health. The Na% exceeds the permissible limit in
several areas. High salt concentrations in the soil negatively
affect aeration, infiltration, and soil composition
(Chidambaram, et al, 2014).

4.4 Magnesium Hazard (MH)

Magnesium hazard in the study area varies between 4.584

and 100, with an average of 32.36. Significant majority of
samples fall in the ‘excellent’ category of irrigation water

quality, comprising 87.05% in the highland, 86.14% in the
midland, and 92.99% in the lowland areas.

This indicates that most groundwater samples in these
regions have magnesium levels, favorable for irrigation
purposes. Samples falling in the unsuitable category
comprise 12.95% of samples in the highland, 13.86% in the
midland, and 7.01% in the lowland areas. Spatially, the
highest values were detected in the central highland region,
followed by the northern midland and highland areas, and
the southern midland area, as illustrated in Figure 3a. This
spatial ~distribution highlights specific areas where
magnesium levels are particularly high, necessitating careful
consideration and management.
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Table 1: Various water quality indices with standard categorization and their respective % of samples in highlands, midlands,
and lowlands

71

Indices Standard Groundwater Hich land Mid Low
classification category g land land
>75 Excellent 75.54% 80.15% | 54.67%
PI 25-75 Good 24.46% 19.85% | 44.86%
<25 Unsuitable 0.00% 0.00% 0.47%
<1.25 Excellent 100.00% | 100.00% | 100.00%
RSC 1.25-2.25 Doubtful 0.00% 0.00% 0.00%
>2.25 Unsuitable 0.00% 0.00% 0.00%
MAR <50 Excellent 87.05% 86.14% | 92.99%
>50 Unsuitable 12.95% 13.86% 7.01%
<20 Excellent 2.88% 1.12% 11.21%
20-40 Good 20.14% 27.34% | 37.38%
Na% 40-60 permissible 48.20% 48.31% | 35.05%
60-80 Doubtful 27.34% 22.85% 16.36%
>80 Unsuitable 1.44% 0.37% 0.00%
<10 Excellent 100.00% | 100.00% | 99.53%
SAR 10to 18 Good 0.00% 0.00% 0.47%
18-26 Doubtful 0.00% 0.00% 0.00%
>26 Unsuitable 0.00% 0.00% 0.00%
0-60 soft 71.22% 68.16% | 35.51%
TH 60-120 moderate 16.55% 22.47% | 27.57%
120-180 hard 5.76% 4.87% 21.03%
>180 very hard 6.47% 4.49% 15.89%
<50 Excellent 1.44% 0.75% 3.27%
EIWOI 50-100 Good 82.73% 90.64% | 80.84%
100-200 Doubtful 15.83% 8.61% 15.89%
>200 Unsuitable 0.00% 0.00% 0.00%

RSC
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Figure 2: Spatial variation of residual
sodium carbonate (a), permeability (b), and

sodium percentage (c) Kerala
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4.5 Sodium Adsorption Ratio (SAR)

Groundwater suitability for irrigation is also determined by
SAR. According to Todd (2004) and Sadashivaiah (2008),
SAR values are classified into four categories: ‘excellent’
(<10), ‘good’ (10 <SAR>18), ‘doubtful’ (18 <SAR>26),
and ‘unsuitable’ (> 26). In this study, SAR values range
from 0.163 to 11.806, with an average of 1.163. In the
highland and midland areas, all samples fall under the
‘excellent’ category. In the lowland area, 99.53% of the
samples are classified as ‘excellent,” while 0.47% are
categorized as ‘good’ (Table 1). Figure 3b illustrates the
spatial distribution of SAR, with the highest concentrations
observed in the central midland region with very few
samples falling into the ‘good’ category and none in the
‘doubtful’ or ‘unsuitable’ categories, showcasing the
suitability of water for irrigation. According to the World
Health Organization (WHO, 2011) and the Food and
Agriculture Organization (FAO, 2017), SAR values greater
than 10 are deemed unsuitable for irrigation purposes.
Elevated SAR values increase the risk of sodium salinity,
which negatively impacts crop growth by reducing the
availability of soil water and altering the balance of essential
minerals, such as calcium and magnesium. In this study,
only 0.47% of groundwater samples from the lowland area
are characterized by SAR values exceeding 10, indicating
suitability of majority of water samples for irrigation with
respect to SAR levels.

4.6 Total hardness

Total hardness (TH) in groundwater samples ranges from 2
to 480, with an average of 74.99. A significant variation in
TH could be noticed across the study area (Figure 3c). In
highlands, 71.22% of samples fall under the ‘soft’ category,
16.55% under the ‘moderate’ category, 5.76% under the
‘hard’ category, and 6.47% under the ‘very hard’ category.
Similarly, in midlands, 68.16% of samples are classified as
‘soft,” 22.47% as ‘moderate,” 4.87% as ‘hard,” and 4.49% as
‘very hard.” In the lowlands, the distribution is more diverse,
with 35.51% of samples in fall in the ‘soft’ category, 27.57%
in the ‘moderate’ category, 21.03% in the ‘hard’ category,
and 15.89% in the ‘very hard’ category (Table 1).

4.7 EIWQI (Entropy weighted irrigational water quality
index)

The EIWQI values range from -0.584 to 174.169, with an
average of 82.63. The classification of EIWQI for different
regions shows distinct variations. In the highlands, 1.44%
of samples fall under the ‘excellent’ category, 82.73% under
the ‘good’ category, and 15.83% under the ‘doubtful’
category.

78

Raicy et al. 2025

GEOLOGICAL SOCIETY OF KERALA

o
SAR
B o.-08
I 04-1
ra-1a
[ Trd-17
[CIrg-2a
¥ [ z22-29 'V

50 - 63 B 5-43 I 217 - 208
I o3 - 100 s iomiing I 269 - 480

0 35 70 140 210
— e —

Figure 3: Spatial Variation of Magnesium absorption ratio
(a), Sodium Adsorption Ratio (b) total hardness (c) in the
study area

4.7 EIWQI (Entropy weighted irrigational water quality
index)

The EIWQI values range from -0.584 to 174.169, with an
average of 82.63. The classification of EIWQI for different
regions show distinct variations. In the highlands, 1.44%
of samples fall under the ‘excellent’ category, 82.73% under
the ‘good’ category, and 15.83% under the ‘doubtful’
category. In the midlands, 0.75% of samples are classified
as ‘excellent,” 90.64% as ‘good,” and 8.61% as ‘doubtful.’
In the lowlands, 3.27% of samples fall under the ‘excellent’
category, 80.84% under the ‘good’ category, and 15.89%
under the ‘doubtful’ category. Notably, no samples in any of
the regions were categorized as ‘unsuitable’ (Table 1).

The spatial distribution of EIWQI, as illustrated in Figure 4,
indicates that areas with dominance of the ‘doubtful’
category are primarily located in the central and southern
parts of the highland, midland, and lowland regions. This
distribution suggests that while the majority of groundwater
samples in these regions are of good quality for irrigation,
there are specific areas where the water quality is less
reliable and falls into the doubtful category. This
information is critical for agricultural planning and water
resource management in these regions to ensure sustainable
irrigation practices.
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Figure 4: Spatial distribution of Entropy weighted
irrigational water quality index (EIWQI)

5. Conclusions

The groundwater quality in Kerala State varies significantly
across physiographic divisions, as indicated by various
irrigation water quality indices such as PI, RSC, MAR,
Na%, SAR, TH, and EIWQI. The majority of the
groundwater samples fall within the ‘excellent’ or ‘good’
categories, making them suitable for irrigation. Specifically,
the permeability index (PI) shows a dominance of
‘excellent’ water in the highland and midland areas. The
Na% of most water samples falls under permissible and
doubtful categories, indicating the need for careful
management to prevent soil and crop health issues.
Similarly, the magnesium hazard of most samples is in the
‘excellent’ category. The SAR predominantly falls within
the ‘excellent’ category, while some samples in the lowland
areas fall under the ‘good’ category. The TH varies spatially,
with soft water dominating in the highland and midland
areas and hard and very hard water, dominating in the low
land areas. The EIWQI further supports the finding that
most groundwater samples are suitable for irrigation,
although specific areas in the central and southern regions
exhibit doubtful quality. This comprehensive analysis
underscores the importance of continuous

79

Raicy et al. 2025

GEOLOGICAL SOCIETY OF KERALA

monitoring and managing groundwater resources to
maintain soil health and ensure sustainable agricultural
productivity in Kerala State.
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